Abdominal aortic calcification (AAC) is a marker of subclinical atherosclerotic disease and an independent predictor of subsequent vascular morbidity and mortality. This study was conducted to investigate the association of AAC with lifestyle and risk factors of cardiovascular disease.
INTRODUCTION
Once atherosclerosis develops, atheromatous plaque or fibrous fatty plaque forms, narrowing the blood vessel lumen and weakening the media. Consequently, ischemic heart disease, cerebrovascular disease or peripheral arterial disease is induced. 1, 2) In most advanced atheroma cases, a partial or extensive calcium deposit is observed. Therefore, blood vessel calcification implies the pathology of atherosclerosis or subclinical cardiovascular disease. 3, 4) According to the Multiple Risk Factor Intervention
Korean J Fam Med
Trial, 5) the risk factors of atherosclerosis include aging, the male sex, family history, genomic abnormality, high cholesterol levels, hypertension, smoking, diabetes, obesity, insufficient exercise, stress, and drinking.
Since the representative change in the blood vessels due to atherosclerosis has been known to be a form of calcification, many studies on the association of calcification with clinical diseases have been conducted. In particular, studies on the association of calcification in the coronary artery and the aortic arch with cardiovascular disease have been widely conducted. Iribarren et al. 6) measured the level of aortic calcification through a chest X-ray and reported that the level is related to coronary artery disease and ischemic heart disease. Oei et al. 7) measured the calcification level of the coronary artery using electron beam computed tomography (CT) and suggested that the level is associated with body mass index (BMI), aging, the male sex, diabetes, smoking, an increase in the total cholesterol level, and a low level of high density lipoprotein (HDL). Studies on the relationship between abdominal aortic calcification (AAC) and clinical symptoms are being actively conducted. Wilson et al. 8) measured the calcification level of the abdominal aorta using lumbar X-ray and reported that the level was associated with the prevalence and mortality rate of coronary artery and cerebrovascular diseases.
Sun and Jang 9) measured the calcification levels of the abdominal aorta and the common iliac artery using multidetector row CT and reported that the level was associated with hypertension, diabetes, chronic kidney dysfunction, coronary artery disease, and cerebrovascular disease. As described above, many studies on the association of blood vessel calcification with a high cholesterol level, hypertension, diabetes, and cardiovascular disease have been conducted, but few studies exist on the association of lifestyle habits such as smoking, drinking, exercise, and obesity. In this study, the associations of AAC level with lifestyle and the risk factors of cardiovascular disease were evaluated. 2) Abdominal aortic calcification score measurement
METHODS

Study Subjects
To evaluate the calcification level of the abdominal aorta and the common iliac artery, multidetector row CT (Brilliance 64; the area superior to the renal artery, the upper-half area inferior to the renal artery, and the lower-half area inferior to the renal artery, in addition to the common iliac artery, were measured.
The calcification was estimated using the modified criteria which was previously suggested for grading calcification levels: 15) grade 0 for cases without calcifications; grade 1 for cases with one or two minimal non-contiguous calcifications without 50% circumference involvement; grade 2 for cases with three or more non-contiguous calcification lesions on less than 50% of the blood vessel wall, or one lesion on 50% or more of the blood vessel wall; 
Statistical Analysis
RESULTS
General Characteristics of the Subjects
The female subjects were generally older than the male subjects, and had fewer smoking pack-years and lower AAC scores, but more male subjects had diabetes, obesity, and dyslipidemia. More male subjects suffered from hypertension and abdominal obesity than female subjects, but their difference was not statistically significant. The weekly exercise time (± SD) of the male subjects was 102.15 (± 97.08) minutes/week, and of the female subjects, 123.25 (± 123.83) minutes/week. The weekly drinking amount (± SD) of the male subjects was 6.11 (± 10.70) drinks/week, and of the female subjects, 4.94 (± 13.09) drinks/ week. There was no statistically significant difference in weekly exercise time and weekly drinking amount between male and female subjects (Table 1) .
Univariate Analysis of the Association of the Abdominal Aortic Calcification Scores with the Subjects' Characteristics
The male AAC scores were significantly positively correlated with their age (r = 0.626, P < 0.001) and smoking pack-years (r = 0.349, P < 0.001) and significantly negatively correlated (r = -0.406, P < 0.001) with their weekly exercise time. The female AAC scores were positively correlated only with their age (r = 0.679, P < 0.001) and also significantly negatively correlated with their weekly exercise time (r = -0.391, P < 0.001). The male AAC scores were significantly high in the presence of dyslipidemia (P < 0.001), whereas the female AAC scores were significantly high in the presence of abdominal obesity (P < 0.001), hypertension (P < 0.001), diabetes (P < 0.001), and dyslipidemia (P < 0.001) ( Table 2) . smoking pack-years (1.9%). The total explanatory power of these variables in male subjects was 56.3%. In female subjects, their age showed the greatest explanatory power of 46.1% to their AAC scores, followed by their weekly exercise time (2.6%), diabetes (2.2%), hypertension (2.3%), and high cholesterol level (1.5%).
The total explanatory power of these variables in female subjects was 54.7% (Table 3) .
DISCUSSION
The present study investigated the association of the AAC score with lifestyle factors such as exercise, obesity, smoking and drinking, general subject characteristics, and the risk factors of cardiovascular disease. Both in the male and female subject groups, the age, dyslipidemia, and weekly exercise time showed an association with the AAC score. In addition, an association of the AAC score with smoking amount was confirmed in the male subjects, and with diabetes and hypertension, in the female subjects.
The association of blood vessel calcification with age shown in the current study was consistent with the results of previous studies. 7, 16) As with the results of such studies, AAC was most associated with age in the middle-age group. Also the finding that dyslipidemia was related to the AAC score in the present study correspond well with that of the study of Allison et al., 17) and support earlier studies which reported that dyslipidemia-induced atherosclerosis causes blood vessel calcification.
1,2)
According to Blair et al., 18) exercise could reduce the risk of cardiovascular disease. Also, in our study, a negative correlation between the AAC score and weekly exercise time was suggested. 
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Exercise has been known to increase the HDL level, decrease low density lipoprotein (LDL) level, reduce triglycerides level, and inhibit the hazardous effects of catecholamine in the cardiac muscle. 19) To our knowledge, no previous studies exist on the association between exercise and AAC. However, considering the merits of exercise, its negative correlation with the AAC score seems to be something that can be taken for granted.
In smokers, cardiovascular disease has been known to develop four times more often than in non-smokers, and the risk of coronary artery disease is three times higher. 20) In this study, however, the smoking amount in the female group did not show a positive correlation with the AAC score. According to the study of Jee et al., 21) the smoking rates of Koreans are as follows: in males, 23.0% are former smokers and 56.9% are current smokers;
and in females, 2.5% are former smokers and 5.4% are current smokers. Also, in the present study, the smoking rates of females (7.0% former smokers and 11.1% current smokers) are very low as compared to the rates of males (23.0% former smokers and 32.0% current smokers). These findings mean that the smoking rates in the female subjects were too low to show any association between smoking amounts with their AAC score. However, the results of our study seems to be similar to those of a previous study which reported that, among Chinese people who had a low smoking rate, smoking was not associated with AAC, unlike in other ethnic groups. 16) The findings of the present study that the male smoking amount was associated with the AAC score corresponds well with that of earlier studies. 7, 16, 22) According to this study, diabetes and hypertension in female subjects were associated with their AAC scores. These results are consistent with those of previous studies. 7, 16, 22, 23) In the male subjects, however, no such association was observed. It may be a result of the measurement deviations: diabetes and hypertension were defined in this study through only one blood test and blood pressure measurement, or based on histories of the diseases. In addition, 21.5% of male subjects were recognized as diabetic and 47.8%, as hypertensive, which is higher than average among Korean males. In previous studies, diabetes was associated with AAC, and hypertension was associated with AAC when systolic blood pressure was high. 23) In the present study, the association between AAC and systolic or diastolic blood pressure was not analyzed in detail, so comparison of the current study with the previous studies in this regard would be inappropriate. The limitations of the present study are as follows. First, this study is a cross-sectional study that suggests the association
